Abstract: A high range of product is referred as an alternative to better reach specific customer needs. By the other hand, an increase in product portfolio may result in a reduction of company's operational performance. In the automotive sector, there is an increasing number of options available to customers, even though recent studies indicate low association between product variety and sales volume in some markets. In the Brazilian market, the car still has a limited amount of customization options compared to the levels provided in developed countries, like the United States. This study compares the association between the current variety in Brazilian and American cars with sales volume in each country. Through a Spearman correlation analysis, the results indicate a greater association between sales and external variety in the Brazilian market (=0.642) than in the United States (=0.330). This result indicates that the increasing car variety in the Brazilian market may not be advantageous, since higher levels of variety, as seen in the United States, are less associated with the sales volume.
Introduction
The mass production system started by Henry Ford with the Model T, in 1908, was an important milestone for the automotive industry. This production system allowed the American customers to acquire products that were only focused on the wealthy population. However, customers' tolerance to the non-fulfilling of their needs in automobiles is dwindling. When customers became more selective and exigent, the automotive industry had to rethink their production strategies to offer more variety [1, 2] . This wider range of offered products is an attempt by the car companies to meet customers' needs [3] [4] [5] . The major auto companies usually provide more customization options of its products with a variety of items such as body, engine, external paint, internal and external finishes and optional parts [6] . A company's ability to customize its products tends to stimulate the amount of sales and the competitiveness between companies [3, 7] . Increasing the options of attributes for a product is a strategy for competitiveness since its objective is to satisfy customers accordingly to their personal desires and necessities. This strategy has an important tradeoff between satisfying customers' desires and the operational cost of raising product variety in company's internal processes [8] [9] [10] .
The definition of finding the appropriate level of variety in the product consists of a balance between marketing and production efficiency [11, 12] , and its impacts on sales are not established in the literature [12, 13] . The variety level that a company should offer to its customers is still an important question [14, 15] . Low association levels were verified, at the automotive industry, between the attributes' variety in cars and car sale. An earlier study about the European automotive market verified that in 2002 the correlation between the available car options and the sales volume was =-0.23, which indicates that the high number of options wasn't correlated to sales volume in that market [16] . A similar study carried in Brazil reached a =0.43 correlation [2] .
This study investigates the relationship between product variety and the volume of car sale. From this point, its objective is to compare the available varieties at the United States and Brazil and relate the number of options with the sales volume. The comparison between this two markets is due the fact that the United States have the most traditional car market in the world and Brazil is an emergent market that shows a significant growth in sales these past years. The results can be used to fit the available car options in emergent markets like India, South Africa, Mexico, China and other developing countries.
Materials and Methods

Mensuration of Automobile Variety
There are different approaches in literature to define and explore the product variety in different ways [13] . According to an economic view, this variety is a result of companies' initiative to develop a strategy of differentiation in the market, and analyzed according to its effect on individual customer behavior in the market balance and development of society [14] . Another way is to study the effect of variety from the company's management vision, focusing on product design, marketing and operations performance [15] . Following this view, the product variety is defined as the number of different products available to customers [3] . From this definition, the variety of product can be analyzed from the chain of the company or the market value. The view from the company, called internal variety, is the way the production arrangement is arranged to produce a variety of products directly related to organizational flexibility and manufacturing [17] . A variety related to the market, called external variety, indicates the quantity of products or configurations available to customers [17] , and the type of range most studied in the literature [18] .
Pil and Holweg [16] classified the product variety in static and dynamic and MacDuffie et al. [17] classified it in fundamental, intermediate or peripheral. Each of these classifications addresses the product variety in different ways but they are not necessarily exclusionary from each other.
This study is aimed to analyze, within the automotive industry, the external variety available in the market in a perspective point of product range, following the proposal of other studies in the literature [2, 13, 16, 18] . The external product variety can be measured by many methods. The simplest alternative is identifying how many different products are in the production process [19] , is recommended for cases of products with low complexity [11] . Another more elaborate proposal is the multiplication of the customization options available to the consumer [20] (Eq. (1)):
However, this calculation method still tends to present inaccurate results, since there may be restrictions on derivative models that would not be properly accounted for by multiplying the customization options [13, 16, 18] . From this problem, it is recommended to take into account the restriction of options in models such as the exterior colors and interior finishes restricted to a version of the model. In the automobilist scenario, this procedure was developed initially by MacDuffie Sethuraman and Fisher (1996) [17] and improved by il and Holweg (2004) [16] . It has been used in other studies to measure the external variety of products [2, 13, 18, [21] [22] [23] [24] (Eq. (2) ).
where: n= Number of models m= Number of body options a= Combination of engine and transmission options b= Combination of interior trim and exterior paint c= Optional available Rij= Restrictions of options by combination of model and body
The model version is considered (i= 1 to n) and the model's body (j= 1 to m). For every combination of model and body (in x jm) there will be an amount of combinations of engine and transmission (aij) and a combination of interior trim and exterior paint (bij). The optional parts that will be available to customize the car are considered in a combination based in model and body (cij). At the end the amount of restrictions is calculated by Rij for every combination of model and body (in x jm). These restrictions can be from as many different ways as possible, like the impossibility of a sunroof in a convertible or optional parts that are available only for specific models or categories [13, 16, 18] .
Data Collect
In order to gather the sales information in the Brazilian and American markets, data was collected from specialized websites. The Brazilian sales volume were collected based on the number of vehicles that were licensed in the year of 2013 from the National Federation of Auto-Vehicles Distribution [25] . For the American market, data was collected from the specialized website in the subject [26] . The automobile variety data were collected from the manufacturers' website, following other studies about this subject [16] . The sample used for the Brazilian market corresponds to 94.35% of its licensed vehicles in 2013. The American market sample is responsible to 90.01% of sales in 2014 (Table 1) . The analyzed vehicles are distributed into segments on a very distinct way when we compare the Brazilian and American markets. While the Brazilian market has a high number of intermediate vehicles and a higher availability of economy vehicles, the results shows that the American market has a greater preference for SUV's, as it is shown in Table 2 . The samples data are available at Appendix A for the American market and at the Appendix B for the Brazilian market. 
Statistical Methods
A comparison between automobile variety in the American and Brazilian markets will be analyzed. A previous analysis identified that the data is not normally distributed from a Kolmogorov-Smirnov test (KS<0.05). From this point a non-parametric analysis was performed. A Mann-Whitney median test is recommended due to the objective of this study. This test is used to identify differences in a data central tendency when they are not well represented by a normal distribution [27] . The association level is then checked between the product variety available and sales volume. Since data is not a normal distribution, a Spearman's non-parametric correlation was selected to check the association level [27] , as in other studies [28, 29] . The statistical analysis was calculated using the statistical package SPSS ® v.21.
Results and Discussion
The analyzed vehicles are distributed between segments in a different way in Brazilian and American markets. While the Brazilian market has a greater number of intermediate models and a greater availability of economy models, the sample indicates that American customers have a higher preference for SUV's.
From Table 3 , is possible to see that the American market has a higher automobile variety when compared to the Brazilian market in every segment. The results of the Mann-Whitney comparative test confirm this perception, presenting significate values (p-value < 0.001) to total variety and for every analyzed segment. This result confirms previous studies that showed comparative studies based in data descriptive statistics [18] . The association level between the available variety and sales volume for both markets, American and Brazilian, can be seen in Table 4 . As expected, the sales volume in United States are higher as its automobile variety is also higher, however the sale is not always correlated to the available variety. It is also possible to verify the ratio between number of options (product variety) and sales volume and this ratio is higher in USA when compared to Brazil. This result shows that the number of options to customize the vehicle per sold unit is much higher in the American market when compared to the Brazilian. The evaluation of the association level between variety and sales volume identify that it is significate (p-value<0.000) in both markets but the association in the Brazilian market (=0.642) is higher than the association in the American market (=0.330 A descriptive analysis of product variety related to the different segments allows to observe that some attributes vary in a close way in both markets and in every segment. By the other hand, some attributes are offered in higher quantity by the American market, as shown by Table 5 . The most evident differences can be checked in attributes as number of models, external paint and optional internal and external parts, which always shows a higher number of options in the American market. The Spearman's correlation analysis between the offered number of attributes (variety) and the sales volume in each segment (total, economy, intermediate, full size, commercial and SUV) is presented in Table 6 . The significate correlation values are highlighted in this table. When the correlation value presents significate and positive, it is reasonable to assume that the number of options for this analyzed attribute in this market segment is significantly associated (p-value<0.05) to the number of sales. This result is an indication that the number of offered options is adequate to the market. The highest correlation value is for the number of optional exterior parts (=0.866; p-value<0.01), indicating that the number of options for this attribute is the one that contributes most for vehicles sales among all the analyzed attributes.
The highest correlations (<0.7) are most present in the Brazilian market. There are seven significate correlations identified, specifically in attributes as model options, interior trim, transmission and optional internal parts. Among the highest correlations there is only one occurrence in the American market, the number of dealer customization parts. The correlation results analysis between the number of options and the sales volume for the different automobile segments, the commercial segment in Brazil presented the highest association level. This result indicates that, among every automobile segment analyzed, the commercials in Brazil are the ones that are more adequate to its offered variety and sales volume.
The analysis allows us to observe each attribute's variety associated to every segment. These results indicate which attributes should be offered in a higher variety, for each segment. For example, for economy cars, the attributes which its variety options are more associated with sales volume are: optional exterior parts, optional interior parts and models, for the Brazilian market. However, for the same segment in the American market, the attribute that is more associated with sales volume is the dealer customization parts.
Lastly, this type of analysis can be very useful as a support for a decision while the product is being planned and designed or when its necessary to decide the variety level to offer for a certain vehicle model that is being developed. 
